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Las t   yea r ,   a s t e ro id  1 9 9 7  X F l l  was much i n   t h e  news  when 
o r b i t   c a l c u l a t i o n s   i n d i c a t e d   t h a t  i t  might make an  extremely 
c lose   approach   to   the   Ear th   in  2 0 2 8 ,  and when the   sugges t ion  
was made t h a t  a c o l l i s i o n   i n   t h a t   y e a r  was possible .   Using 
observa t ions   ava i lab le  on March 11, 1 9 9 8  (an  88-day  data 
a r c ) ,  i t  could  be shown t h a t   t h e   c o l l i s i o n   p r o b a b i l i t y   i n  
2 0 2 8  was essent ia l ly   zero.   Pre-discovery  observat ions  found 
the   nex t   day   on ly   s e rved   t o   con f i rm  th i s   r e su l t .  But was it  
p o s s i b l e   t o   r u l e   o u t  a c o l l i s i o n   i n   t h e   y e a r s   a f t e r  2 0 2 8 ,  
us ing  only  the  88-day-arc   solut ion? N e w ,  nonl inear  
t echn iques   fo r   ana lyz ing   o rb i t   unce r t a in t i e s  were  necessary 
t o  answer t h i s   q u e s t i o n .  The r e s u l t i n g   a n a l y s i s  of t h i s  
reduced-arc  case showed non-neg l ig ib l e   co l l i s ion  
probabi l i t i es   for   severa l   subsequent   years .  Embedded wi th in  
the  2 0 2 8  uncer ta in ty   reg ion  w e r e  many narrow  "keyholes" 
through  which  the  as teroid  could  be  per turbed  onto  col l is ion 
t r a j e c t o r i e s .  The h i g h e s t   c o l l i s i o n   p r o b a b i l i t y   f o r   t h i s  
hypothe t ica l  1 9 9 7  X F 1 1  case  was $ \ s i m  10"{-5}$. 

This   year ,  two r ea l   ca ses   w i th   non-neg l ig ib l e   co l l i s ion  
p robab i l i t i e s   have   been   i den t i f i ed .  The f i r s t  of t hese ,  1 9 9 9  
AN10, i s  remarkably   s imi la r   to   the   case  of 1 9 9 7  X F 1 1 .  Within 
i t s  uncertainty  region,   keyholes  w e r e  i d e n t i f i e d  which  could 
l ead   t o   impac t s   i n   t he   yea r s  2 0 4 4 ,  2 0 4 6 ,  o r  2039. A s  
addi t iona l   observa t ions  became ava i lab le ,   the   impact  
p robab i l i t y   ro se   a s   h igh   a s   $ \ s im  l o " { - 6 } $ ,  but  
pre-discovery  observations  were  found  which moved t h e  
p red ic t ion  away from  these  keyholes,  and  impact i s  now not  
possible   before   2076.  The o ther   po ten t ia l   impactor ,  1 9 9 8  
0x4, has a very   shor t   a rc   and  i s  c u r r e n t l y   l o s t ;  i t s  impact 
p r o b a b i l i t y  i s  $ \ s i m  10°C-7}$. A s i d e  e f fec t  of t he  
inc reas ing   d i scove ry   r a t e   fo r  Near Earth  Objects  and  the new 
nonl inear   o rb i t   uncer ta in ty   ana lys i s   t echniques  w i l l  be a 
growing number of a s t e r o i d s   w i t h   a t   l e a s t   t e m p o r a r i l y  
non-negl ig ib le   impact   p robabi l i t i es .  


